In vitro selection has been used as a method to determine the optimal binding site for DNA-binding proteins. We report here in vitro selection of dsDNA sequences that bind to mutated-GCN4-bZIP peptides.
INTRODUCTION
A DNA-binding protein, such as a transcription factor, can regulate gene expressions with binding to and recognition of DNA sequences. It will be useful to design a new DNA-binding peptide that recognizes any DNA sequence to control any gene expression. However, the rule of design of DNA-binding peptides is not defined because of its complex interaction between amino acids and base pairs. To investigate chemical and physical properties of protein-DNA interface, a detailed analysis of the DNA-binding sites of proteins was presented using data from the Nucleic Acid Database (NDB) and the Protein DATA Bank (PDB). 1 These results were obtained through static structures of native proteins.
In vitro selection was devised for the identification of high-affinity oligonucleotide ligands to target molecules -TGACTCA--ACTGAGT- By this method, the consensus binding sites for many different proteins such as transcription factors have been identified. 3 We have reported in vitro selection on a 27MHz quartz-crystal microbalance (QCM), that is a highly sensitive mass measuring device and allow us to monitor a selection process from a random DNA pool as a mass change, and to evaluate association constants of a selected ligand quantitatively. 4 In this study, to obtain properties of protein-DNA interface through non-native protein, we performed in vitro selection on a QCM using mutated GCN4-bZIP peptides, that has a leucine zipper motif structure, was used for a model peptide of a simple DNA-binding peptide. The effect of histidine-mutation from alanine at a position -14 that contacts with DNA on the recognition of DNA sequences of GCN4-bZIP peptide was investigated.
RESULTS AND DISCUSSION
A mutated bZIP peptide was prepared by a peptide expression in E. coli cell that had bZIP-coding expression vector replaced a codon of alanine into a codon of histidine on a position -14. An amino acid sequence of the
Washing and Recovering (1MNaClfor10min) Figure 2 . Schematic illustration of in vitro selection of dsDNA that shows a high affinity for mutated GCN4-bZIP peptide on a QCM plate Figure 3 . Seventeen sequences of the random region in obtained 32 clones after the 6th cycle selection (the same clone is indicated by the same number) mutated bZIP peptide is shown in Figure 1 .
Schematic illustration of experimental setup is shown in Figure 2 . A mutated bZIP peptide dimmer was immobilized on Au electrode (area: 5 mm 2 ) of a 27 MHz QCM plate through Au-S interaction having a long polyethylenoxide spacer. The bZIP-immobilized QCM was soaked into the buffer solution and the frequency decrease (mass increase) responding to the addition of random dsDNA was monitored in the aqueous solution. After monitoring the selection process as the frequency decrease (mass increase), the QCM was washed and the selected DNA was recovered. The dsDNA was amplified with PCR reactions and used as the dsDNA for the next selection. To avoid nonspecific or electrostatic bindings, the selection condition was severed with increasing ionic strength to 0.4 M after the 3 rd cycle. Selection processes were repeated 6 cycles. The 6 cycles selected DNA could be confirmed to bind to the mutated bZL? from a gel shift assay.
The selected DNA was PCR-amplified, cloned by T/A cloning method, and nucleotide sequences in random region were determined by a standard dideoxynucleotide method. The obtained sequences of the random region of 15 bp after 6 cycles are summarized in Figure 3 . After the 6 th cycle selection, the one sequence obtained as 32 clones had two palindromic sequences of ' and the 6 sequences had the half site of 5 TGTA 3 ' in the 32 clones. These palindromic sequences could be assumed to be a binding site of the mutated bZIP peptide because a bZIP peptide bound to DNA with dimerization.
To evaluate the binding affinity of the selected two palindromic sequences, the binding behavior of the synthetic dsDNAs (20 bp) including the palindromic ' that is different from the recognition site of wild type GCN4-bZIP peptide.
In conclusion, we have applied a highly sensitive 27 MHz QCM to in vitro selection of dsDNA that binds specificity to histidine-mutated GCN4-bZIP peptides on a QCM plate. We have succeeded to obtain non-native DNA binding peptide changed in the specificity of a recognition sequence. To obtain properties of protein-DNA interface through non-native protein will be useful to design a new DNA binding peptide.
